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the Doyle restoration project. Associated Earth Sciences, Inc., (AESI; 2003) explored the subsurface at 
the Fairwinds property immediately south of the Site. GeoEngineers, Inc., (2007) prepared a drilling log 
for a 21.5-foot-deep monitoring well at the stormwater pond immediately west of the Site and west of 
Avondale Road. 

Figure 3 shows the locations of these site investigations. Table 1 summarizes the findings of the 
investigations. Selected boring logs from these investigations are identified on Figure 3 and are 
attached. 

Table 1. Summary of Geologic Site Investigations 

Report/Author 

Location 

No. of 
Borings 

Depths Soil Type 

Groundwater Depth 

RH2 (this memorandum) 

Site 
3 5 

0 to 5 feet: Fine to medium sand 

3 feet 

Golder (2018) 

Site 
0 0 No exploration 

Golder (2017) 

Doyle Property  
(south of Site) 

3 16.5 

0 to 10 feet: Fine to medium sand  

10 to 16.5 feet: clay 

12 to 20 feet 

GeoEngineers (2007)  

Storm Pond Monitoring Well  
(west of Site) 

1 21.5 

0 to 7 feet: Silty gravel, gravelly silt 
7 to 21.5 feet: Medium sand, fine to 
coarse sand 

13 feet 

AESI (2003) 

Fairwind  
(south of Site) 

10 16.5 to 
36.5 

0 to 15 feet: Fine to medium sand 
15 to 36.5 feet: Fine sand (dense) 

12 to 20 feet 

Recent Investigations 
RH2 inspected the Site several times in summer and fall 2019. On September 18, 2019, RH2 conducted 
a limited shallow soil investigation in the floodplain that included three hand auger (HA1, HA2, HA3) 
borings to depths of 5 feet below ground surface (bgs), as shown on Figure 3. At each hand auger 
boring, loose, fine to medium sand was encountered to a depth of at least 5 feet. The sand unit was 
saturated below a depth of 3 feet. The saturation depth was at about the same elevation as the surface 
elevation of Bear Creek at the time of the investigation. The findings of the investigation are included 
in Table 1. 

LOCAL GEOLOGY AND GROUNDWATER CONDITIONS 
RH2 reviewed local geologic mapping available on the WADNR website, the Washington State 
Department of Ecology (Ecology) database for borings and wells completed within ½ mile of the Site, 
and soil maps for the Site on the Natural Resources Conservation Service (NRCS) Web Soil Survey.  
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The WADNR mapping and the geologic map of Booth, D. Haugerud, R., and Sacket, J. (2002) identifies 
the geologic units at the Site as recent alluvium in the Bear Creek floodplain and glacial recessional 
outwash (sand, gravel, silt) in the broader area above the floodplain. These descriptions are consistent 
with the summaries of lithology encountered at soil borings in the vicinity (Ecology database), and 
those summarized in Table 1.  

NRCS maps the soil type in the Bear Creek floodplain as Kitsap silt loam and Briscot silt loam, which are 
derived from alluvial and lacustrine (lakebed) deposits consistent with the depositional history of Bear 
Creek, a tributary to Lake Sammamish. NRCS maps the soil type above the floodplain and below 
Avondale Road as Alderwood gravelly sandy loam, which is derived from glacial sediment, including 
glacial outwash and ice-contact drift deposits. 

In summary, the area surrounding the Site that is above the Bear Creek floodplain, underlying 
Avondale Road and forming the embankment is underlain by loose to moderately dense fine to 
medium sand with some gravel, which becomes saturated at about the same elevation as Bear Creek. 
The geologic deposits within and below the Bear Creek floodplain consist of moist to saturated fine to 
medium sand, and at depths greater than 10 feet consists of fine, dense sand and firm clay. The local 
groundwater depth below the Bear Creek floodplain is equivalent to the elevation of Bear Creek and 
likely fluctuates seasonally within a range of several feet. Groundwater generally flows within the 
outwash aquifer that underlies the Bear Creek floodplain and generally in the direction of surface 
water flow. No public or private water supply wells are reported within ¼ mile of the Site. Redmond 
Well No. 3 is approximately ½ mile to the southwest of the Site and completed at a depth of 
approximately 73 feet bgs. The well sits within the outwash aquifer that lies in the Bear Creek 
watershed and is in hydraulic continuity with Bear Creek. 

SITE GEOTECHNICAL PROPERTIES 
The geotechnical properties of the soil below the Bear Creek floodplain include loose soil density; high 
moisture content to saturated conditions; limited amounts of cobble or boulder-sized material and 
occasional buried wood, logs, or other fibrous debris; and small discontinuous zones of peat or other 
organic soil. Design and construction of any project improvements would necessarily accommodate 
soft and wet soil conditions with limited bearing capacity in the range of 1,000 to 1,500 pounds per 
square foot (psf). Deeper foundations for piles or anchors would be completed below the groundwater 
table and may encounter denser sand and/or firm clay at depths of 10 feet below the floodplain (AESI, 
2003). 

The geotechnical properties of the slope and embankment above the floodplain and underlying the 
eastern edge of Avondale Road are variable depending on the character and emplacement of fill 
materials, including riprap and imported fill. Observations of the site identified several varieties of 
slope stabilizing materials including rip rap boulders, quarry spall rock, geotextile fabric, etc., indicating 
more than one effort to stabilize the slope. The native soil below Avondale Road likely consists of the 
loose to moderately dense fine-grained soil; high moisture content; limited amounts of cobble or 
boulder-sized material and occasional buried wood, logs, or other fibrous debris; and small 
discontinuous zones of peat or other organic soil. As-built construction drawings indicate that the road 
subgrade and the embankment east of the road consists of a combination of native fill and bank run 
gravel Class B (Bell-Walker, 1990, drawing #90-0183). Design and construction of any project 
improvements in the embankment would necessarily accommodate soft and moist to wet soil 
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conditions with limited bearing capacity in the range of 1,000 to 1,500 psf. Deeper foundations for 
piles or anchors may encounter denser sand at depths of 15 to 20 feet below Avondale Road and 
boulders or large rock in the embankment below and east of Avondale Road. Groundwater depth 
below Avondale Road is equivalent to the Bear Creek stream level (approximately 10 to 15 feet bgs), 
and the water table fluctuates with the seasons. 

CRITICAL AREAS SUMMARY 
The soil underlying the Bear Creek floodplain is fine-grained, loose, wet to saturated, and subject to 
liquefaction during a seismic event. Redmond water supply wells are partially replenished by 
groundwater that originates or flows through the shallow groundwater system underlying Bear Creek. 
These conditions are formally recognized by Redmond as critical areas; Redmond has identified the 
Bear Creek floodplain at the Site as a seismic hazardous area (SHA) and a critical aquifer recharge area 
(CARA). The Project Critical Areas Report prepared by RH2 describes the SHA and CARA issues that 
would affect the restoration project. 

Site features are influenced by stream erosion and flooding that could act to destabilize the slope 
between Avondale Road and Bear Creek. Erosion and flooding risk analysis are summarized in the 
project Critical Areas Report.  

The Site is not identified by Redmond or King County as a critical steep slope area. A review and 
analysis of the slope stability conditions for the project are described in the following section.   

SLOPE STABILITY EVALUATION 
Avondale Road appears to have been constructed on a cut and fill slope, where the fill portion extends 
partially into the Bear Creek floodplain (Figure 2). The stormwater manhole and outfalls also were 
constructed in the fill on the eastern (downslope) portion of the Avondale Road embankment 
(Figure 1). Improvements and restoration of the slope between Avondale Road and Bear Creek will 
occur on native soil, fill soil, and the embankment armoring consisting of riprap and incidental trees 
and root structures. Observation of Avondale Road indicated no signs of settlement or movement that 
would be expressed as tension fractures, tilting, or unevenness in the pavement. The embankment 
shows little or no sign of translational slumping, lateral sliding, tilted trees, or tilting and buckling of the 
sidewalk. The embankment slope does show some sign of vertical settlement, as evidenced in the gap 
that has developed between the sidewalk and underlying soil. The stormwater manhole structure 
shows no sign of tilting or sliding away from the slope. Riprap on the lower portion of the slope shows 
evidence of undercutting and toppling. All of these observations of site features provide a strong 
indication that the embankment and slope east of Avondale Road is stable, and that the erosion of the 
toe of the slope due to incision by Bear Creek as it meanders to the west towards Avondale Road is the 
primary factor influencing the slope stability. The westerly meandering of Bear Creek has been 
mitigated by the resistant riprap on the slope; however, over time, the toe has been eroded and 
undermined, which has allowed riprap and the underlying embankment soil to settle and creep 
downslope. Importantly, the tree and shrub growth on the slope has promoted rooting within the 
embankment soil, and the deposition of woody debris and deadfall along the slope and stream channel 
has provided additional resistance to slope movement and erosion of the toe of the slope. The slope 
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Repairs to the slope that do not wholesale remove and replace the slope with an engineered wall 
system (options 1 and 2) would not significantly disturb the riprap and large trees that currently 
mitigate streambank erosion. 

Any of these three slope repair options are feasible based on the underlying soil and groundwater 
conditions and geotechnical properties of the Avondale Road embankment, slope, and Bear Creek 
floodplain. The soil underlying the slope and below the floodplain is composed of loose to moderately 
dense and fine-grained material that would readily accommodate excavation, shoring, filling, and 
driven piles or anchors.  

Each of these three slope repair options would have different footprints and styles of integration with 
the proposed Bear Creek streambank restoration under consideration, which likely will include 
significant redirection of the current Bear Creek channel to the east away from the slope. The position 
and style of the slope improvement portion of the Project would depend on the outcome of the 
hydraulic analysis and proposed recommendations for stream relocation and restoration.  

Augmentation of the existing slope with riprap and large wood material to extend the slope into the 
current Bear Creek stream channel at a slope angle of 1.5H:1V to 2.5H:1V would not require significant 
geotechnical analysis or additional site geologic characterization. The slope augmentation alternative 
would include anchoring large wood features to integrate the augmented slope with the restored 
stream bank. The stormwater outfalls which have failed, would be replaced and integrated with the 
new materials added to the slope during slope augmentation. This approach may have fewer 
permitting requirements, as a portion of the work could be considered maintenance to improve the 
existing bank armoring. This approach has an additional advantage in that the slope augmentation may 
be adaptively managed to accommodate the natural adjustment of Bear Creek to its modified stream 
channel. Additional materials could be placed to mitigate the effects of higher than anticipated erosive 
stream flow without requiring supplemental permitting, geotechnical analysis, or investigation.  

A small gravity wall to stabilize the toe of the slope and provide an abutment for the stream relocation 
would have a relatively small footprint and require limited geotechnical analysis and little or no 
additional geotechnical site characterization. A gravity wall approach would be selected if the 
preferred stream restoration approach required additional stabilization to support the natural woody 
materials used to create the restored stream bank. Some excavation and shoring would be required to 
create a stable foundation for the gravity wall in the current location of the Bear Creek channel. This 
approach may be suitable for a design that has limited disturbance or augmentation of the existing 
embankment. 

Soldier pile wall construction would have the greatest capacity for stabilizing the slope and resisting 
the effects of channel migration. This approach would require the greatest design and permitting 
effort, highest construction cost, and additional geotechnical characterization to support pile design. It 
is very likely that portions of the embankment and toe of the slope was constructed with large 
boulders that would impede installation of deep piles. Installing the piles and maintaining the integrity 
of the manhole and stormwater pipe, and other underground utilities could be very challenging. A 
soldier pile wall could be designed in any length and configuration to suit the proposed stream 
restoration, and a soldier pile wall likely would include imported material placed between the wall and 
the restored stream channel to provide riparian habitat. 
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BEAR CREEK STREAM CHANNEL RESTORATION  
Stream restoration activities in the Bear Creek floodplain below the slope would encounter loose to 
compact fine to medium sand that would be readily excavated and shored during stream restoration 
projects. The shallow depth to groundwater may require some limited shoring to stabilize excavations 
for emplacement of wood material or deeper excavation of stream channels. No difficulties related to 
soil or groundwater are anticipated for stream channel modification. Soil properties in the Bear Creek 
floodplain were sufficiently characterized determined based on inspection, hand auger borings, 
mapping data, and borings by AESI (2003).  Soil conditions likely vary from location to location within 
the floodplain, but not to a degree that proposed anchoring methods would have to be changed upon 
encountering actual conditions.  Additional anchors or deeper anchors may be required to 
accommodate the actual conditions at each anchoring point.   No additional geotechnical site 
characterization would be required to support design or construction of channel restoration features. 

CONCLUSIONS AND RECOMMENDATIONS 
Review of the available geologic and geotechnical reporting and mapping and the recent geologic 
inspection and investigation indicates that the slope between Avondale Road and the Bear Creek 
floodplain appears stable and is not in imminent threat of movement.   

There are several feasible options for improving slope stability that may be integrated with the design 
and expected performance of anticipated stream restoration actions. 

No additional site geologic and geotechnical characterization is required at this time unless a more 
advanced slope stabilization approach is selected (soldier pile wall, for example); the available geologic 
information is sufficient to proceed with feasibility analysis and alternative selection for the project. 

Any potential actions for the project will not adversely affect the critical conditions at the Site, namely, 
seismic hazards or critical aquifer recharge. Construction of the project would include activities to 
mitigate any activities that could temporarily increase the seismic hazards or aquifer recharge during 
construction.  
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